We examined the association between mood disorders and risk of herpes zoster in two case-control studies using data from nationwide Danish registries and practices in the UK Clinical Practice Research Datalink. We included incident zoster cases diagnosed in general practice (using systemic antivirals as a proxy in Denmark) or hospital during 1997-2013 in Denmark (n = 190,671) and during 2000-2013 in the United Kingdom (n = 177,361). We risk-set sampled 4 matched population controls per case. Conditional logistic regression analyses adjusting for zoster risk factors showed that the odds ratios for previous mood disorder among cases versus controls were 1.15 (99% confidence interval (CI): 1
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We examined the association between mood disorders and risk of herpes zoster in two case-control studies using data from nationwide Danish registries and practices in the UK Clinical Practice Research Datalink. We included incident zoster cases diagnosed in general practice (using systemic antivirals as a proxy in Denmark) or hospital during 1997-2013 in Denmark (n = 190,671) and during 2000-2013 in the United Kingdom (n = 177,361). We risk-set sampled 4 matched population controls per case. Conditional logistic regression analyses adjusting for zoster risk factors showed that the odds ratios for previous mood disorder among cases versus controls were 1.15 (99% confidence interval (CI): 1.12, 1.19; prevalence 7.1% vs. 6.0%) in Denmark and 1.12 (99% CI: 1.11, 1.14; prevalence 31.6% vs. 29.2%) in the United Kingdom. In Denmark, odds ratios were higher for anxiety (1.23; 99% CI: 1.17, 1.30) and severe stress and adjustment disorder (1.24; 99% CI: 1.18, 1.30) than for depression (1.11; 99% CI: 1.07, 1.14). In the United Kingdom, odds ratios for these conditions were similar: 1.12 (99% CI: 1.10, 1.13), 1.12 (99% CI: 1.10, 1.14), and 1.14 (99% CI: 1.10, 1.19) for depression, anxiety, and severe stress and adjustment disorder, respectively. In conclusion, mood disorders were associated with an increased risk of zoster. adjustment disorders; anxiety; depression; herpes zoster; stress disorders Abbreviations: CI, confidence interval; CMI, cell-mediated immunity; CPRD, Clinical Practice Research Datalink; HES, Hospital Episodes Statistics; VZV, varicella-zoster virus.
Herpes zoster is a neurocutaneous infection estimated to affect up to 50% of persons who survive until age 85 years (1, 2) . In the acute phase, zoster is typically associated with severe pain, which may persist as postherpetic neuralgia, a chronic pain syndrome that can affect quality of life severely (3) . Studies of common risk factors for zoster are thus important, because they may help identify high-risk patients who could be targeted with preventive strategies.
Zoster is caused by reactivation of the varicella-zoster virus (VZV) from sensory ganglia when cell-mediated immunity (CMI) wanes below a critical level (1) . Mood disorders, such as depression and anxiety, have been associated with impaired CMI (4) . In particular, it has been demonstrated that VZVspecific CMI is reduced in major depression (5, 6) and is negatively associated with severity (5) . Nevertheless, there are few well-designed epidemiologic studies estimating the risk of zoster in persons with mood disorders.
Registry-based case-control and cohort studies using prospectively collected data have found relative risks of zoster ranging between 1.11 and 1.52 for persons with depression compared with those without depression (7) (8) (9) (10) (11) (12) ; studies using self-reported data on depression found relative risks between 0.93 and 4.15 (13) (14) (15) (16) . Unfortunately, these studies were hampered by methodological limitations, such as use of broad exposure definitions (e.g., mixing depression with alcohol-related psychotic disorder) (9) (10) (11) , potential reverse causation (15, 16) , selection bias (10, 11, 15, 16) , and overadjustment by including possible proxies for exposure (11, 12) . Furthermore, no studies have evaluated whether associations depend on time since diagnosis and severity of mood disorders.
We therefore aimed to quantify the risk of zoster among persons with depression, anxiety, and severe stress and adjustment disorder, taking into account time since diagnosis and severity of these disorders.
METHODS

Data sources
We created two case-control data sets using population-based registries in Denmark and the United Kingdom. The study period was January 1, 1997, through December 31, 2013, in Denmark and in January 1, 2000, through December 31, 2013, in the United Kingdom.
In Denmark, we retrieved nationwide data on hospital diagnoses from the National Patient Registry (17) and the Psychiatric Central Register (18) . These registries provided data on inpatient psychiatric contacts since 1970, inpatient nonpsychiatric contacts since 1978, and outpatient specialty clinic and emergency department visits since 1995 (17, 18) . For each encounter, a primary diagnosis (the main reason for contact) and optional secondary diagnoses are recorded using the International Classification of Diseases, Eighth Revision, until the end of 1993 and the Tenth Revision thereafter. We also obtained hospital data on surgical procedures and specialized treatments (e.g., delivery of chemotherapy). The Danish National Prescription Registry was used to identify prescriptions dispensed at any community pharmacy since 1995 (including date of dispensing, Anatomical Therapeutic Chemical code for the drug, and number and strength of tablets/units) (19) . We ascertained diagnoses of diabetes (as a covariate) using the Danish National Diabetes Register. This registry identifies people with diabetes based on hospital-based diabetes diagnoses, reimbursable chiropody and blood-glucose measurements in primary care, and prescriptions for diabetes drugs in order to increase completeness compared to use of hospital diagnoses alone (20) . The Danish Population Education Register provided information on the highest level of education attained by study participants as a proxy for socioeconomic status (21) . We linked the Danish registries using the unique personal identifier assigned to all residents by the Civil Registration System (22) .
In the United Kingdom, we used the Clinical Practice Research Datalink (CPRD) (23) , the Hospital Episodes Statistics (HES) database (24) , and the Index of Multiple Deprivation (25) . The CPRD contains primary health-care data for 11.3 million patients from 674 general practices in the United Kingdom (23) . It was established in London in 1987 as a smaller data set, expanding to the General Practice Research Database in 1993 and finally to the CPRD in 2012. Practices collect data on reasons for patient contacts (using Read codes), written prescriptions (using the Multilex Product Dictionary), vaccinations, laboratory and clinical measurements, lifestyle factors, anthropometric data, and referrals to secondary care (23 
Cases
Diagnoses of zoster from primary care are not reported to the Danish registries. We therefore identified zoster cases by prescriptions recorded in the National Prescription Registry for systemic antivirals at doses most compatible with zoster treatment (35 tablets of 800 mg acyclovir or packets with 500-mg tablets of valacyclovir or famciclovir) (26) . Because these agents are also used for severe primary and reactivated herpes simplex infections (27) , which occur most commonly in young people (28) , persons eligible for the study had to be aged ≥40 years at the time of dispensing their first-time prescription for one of the antivirals ever. We retrieved hospital diagnoses of zoster from the Danish National Patient Registry, restricted to patients aged ≥40 years for consistency. We aimed to capture only incident zoster by excluding cases with previous records potentially representing chronic complication from zoster (defined as postherpetic neuralgia or any previous secondary zoster hospital diagnosis). The index date for cases was the date of prescription, hospital admission, or start of outpatient followup, whichever came first for persons with multiple records.
In the United Kingdom, cases were those with a record of zoster in the CPRD or a hospital diagnosis in HES, and no previous record of chronic complications from zoster (defined as above). The index date was the first occurring consultation or admission date for zoster. To avoid including prevalent zoster recorded shortly after registration with a new practice, cases had to have ≥12 months of registration with their current practice (29) . In both Denmark and the United Kingdom, we also used the complete registration history available before study start to ensure that cases were incident and thus minimize the risk of reverse causation (i.e., that zoster leads to or provokes mood disorder).
Controls
We used risk-set sampling (30) from the Civil Registration System in Denmark and the CPRD in the United Kingdom to match up to 4 controls to each case according to age, sex, and general practice (United Kingdom only). Controls received an index date identical to their case. We applied the same eligibility criteria to controls as used for cases. In the United Kingdom, we excluded matched controls who had no contact with their CPRD practice within the 6 months before and 12 months after the index date, because they were considered inactive (7).
Mood disorder
We identified all records of depression, anxiety, and severe stress and adjustment disorder recorded at any time before the index zoster diagnosis in the Danish hospital registries and in the UK CPRD or HES. To accommodate trends in coding of depression in UK primary care (31), we included Read codes in the CPRD for both diagnoses and symptoms of depression. We categorized mood disorder in subgroups of timing and severity (Table 1 ) to examine our hypothesis that persons with current ("active") and severe mood disorders have a higher risk of zoster. Of note, "mild severity" may be least comparable between countries, because persons treated for a mood disorder in general or private practice alone were not included in the Danish data.
Statistical analysis
We used conditional logistic regression to compute unadjusted odds ratios with 99% confidence intervals, associating zoster with history of the 3 mood disorders separately and combined. Given the risk-set matching, odds ratios provide unbiased estimates of incidence rate ratios (30) . In multivariable analyses, we additionally adjusted for zoster risk factors (7), listed and defined in Table 2 . We stratified results for current mood disorders by age and sex. Finally, to assess the public health relevance, we computed the absolute age-specific rate of zoster for persons with any previous mood disorder diagnosis by multiplying the age-specific effect estimates in the Danish and UK study populations by the age-specific rate of zoster in the CPRD population in 2010 (7).
Additional analyses
Web Appendix 1 (available at https://academic.oup.com/ aje) provides a detailed account of additional analyses. In a subgroup analysis, we examined whether odds ratios of zoster for current mood disorders were more pronounced for persons with their first-ever record of a mood disorder (i.e., "newonset" conditions) within 90 days before the index date (zoster diagnosis date for cases and their matched controls). We also conducted various sensitivity analyses. We included data on antidepressant prescriptions to: 1) capture mood disorders treated in Danish general or private practice, and 2) examine the following alternative definition of severity: very severe ("severe" group in main analysis), severe ("moderate" group in main analysis), moderate (antidepressant prescription within the 14-90 days prior to index date), or mild (remaining patients). Second, we changed the defining cutoff for current mood disorder to within 7, 14, 30, or 180 days of the index date. Third, we excluded persons with only possible/unspecific codes for mood disorder (e.g., "suspected depression"). Fourth, we excluded persons with more than 1 type of mood disorder. Fifth, we excluded Danish cases identified by antiviral prescriptions without a zoster indication code (codes were considered too incomplete for use in the main analyses). Sixth, we excluded case-control sets included after marketing of the zoster vaccine on August 31, 2013, in the United Kingdom (not available in Denmark during study). Finally, we additionally adjusted for: 1) individual-level socioeconomic status (highest achieved education in Denmark and Index of Multiple Deprivation score in the United Kingdom); Timing Current "Ever mood disorder" and most recent record within ≤90 days before the index date Recent "Ever mood disorder" and most recent record within 91-365 days before the index date Former "Ever mood disorder" and most recent record any time >365 days before the index date. Codes stating "in remission" were classified in this subgroup.
Severity b
Severe "Ever mood disorder" and hospitalization with the condition documented as the primary diagnosis within ≤90 days before the index date Moderate • Denmark: "Ever mood disorder" and any other hospital contact for the condition within ≤90 days before the index date • United Kingdom: "Ever mood disorder" and referral from general practice to a mental health service (e.g., a psychologist within ≤90 days before the index date)
Mild Remaining patients classified with "ever mood disorder" but not severe or moderate disease a The index date is the zoster diagnosis or prescription date (in Denmark) for cases and their matched controls. b In the United Kingdom, the severity classification was examined only among patients with data linked to the Hospital Episodes Statistics database. and 2) smoking status, alcohol consumption, and body mass index (United Kingdom only).
Against our expectations, we found the lowest odds ratios for those with recent admission (i.e., severe mood disorders). To examine whether this lack of association could be explained by underascertainment of zoster diagnosed during hospital follow-up of patients recently admitted with mood disorder, we performed a post-hoc analysis where we included secondary hospital diagnoses of zoster in the case definitions.
RESULTS
The study included 190,671 cases (people with incident zoster) and 762,684 controls (without incident zoster) in Denmark, and 177,361 cases and 674,503 controls in the United Kingdom (Web Figure 1) . Although the prevalence of some covariates differed between Denmark and the United Kingdom, the relative differences between cases and controls were similar (Table 2) .
Cases had a higher recorded lifetime prevalence of mood disorder than controls (7.1% vs. 6.0% in Denmark; 31.6% vs. 29.2% in the United Kingdom), with depression being the most frequent mood disorder (Figure 1 ). Adjustment for risk factors had little effect on odds ratios (Web Table 1 and Web  Table 2 ). The adjusted odds ratios for history of mood disorder among zoster cases compared with controls was 1.15 (99% confidence interval (CI): 1.12, 1.19) in Denmark and 1.12 (99% CI: 1.11, 1.14) in the United Kingdom (Figure 1 ). In Denmark, we observed slightly higher adjusted odds ratios for anxiety (1.23; 99% CI: 1.17, 1.30) and severe stress and adjustment disorder (1.24; 99% CI: 1.18, 1.30) than for depression (1.11; 99% CI: 1.07, 1.14). In the United Kingdom, estimates were similar for the 3 disorders. No substantial difference was observed when considering current, recent, or former mood disorders separately, although slightly higher adjusted odds ratios were observed for current and recent diagnoses than for former diagnoses in the United Kingdom (Figure 1 ). Analyses according to severity found that the overall increased risk of zoster was restricted to those classified with mild and moderate mood disorders, but confidence intervals were wide (Figure 2) .
In analyses according to sex, the adjusted odds ratios for current mood disorder among zoster cases compared with controls were increased only among women (Figure 3) . Furthermore, the adjusted odds ratios decreased with increasing age in the United Kingdom (Figure 3) , which seemed to be explained by the results for depression (Web Table 3 ). The differences in absolute rates between persons with any previous mood disorder (Table 3 ).
In the additional analyses, estimates were not more pronounced for those with first-time diagnosis in the current exposure period (Web Table 1 prescriptions as a proxy for mood disorder in Denmark, lifetime prevalence approached that in the United Kingdom (27.0% of cases and 22.2% of controls), and the adjusted odds ratio for any previous mood disorder increased to 1.26 (99% CI: 1.24, 1.28) (Web Table 4 ). The increase was observed across subgroups defined by timing and severity but remained lowest for patients with recent hospitalization (1.11, 99% CI: 0.91, 1.34). Results were robust in remaining sensitivity analyses (Web Table 5 to Web Table 12 )." In post-hoc analyses including secondary hospital diagnoses of zoster in the case definitions (Web Table 13 to Web Table 15) , we identified 576 and 1,137 additional zoster cases in Denmark and the United Kingdom. In Denmark, the adjusted odds ratio for inpatient admission for mood disorder increased to 1.12 (99% CI: 0.93, 1.35) and to 1.19 (99% CI: 0.98, 1.43) when excluding antidepressant users from the reference group. The estimates for current mood disorder remained low for men but decreased with increasing age, as was observed in the UK main analyses. In the United Kingdom, the adjusted odds ratio for severe mood disorders increased to 1.16 (99% CI: 0.94, 1.43). Furthermore, adjusted odds ratios for current mood disorder became similar for men (1.25; 99% CI: 1.13, 1.37) and women (1.29; 99% CI: 1.22, 1.36).
DISCUSSION
In two large population-based studies from Denmark and the United Kingdom, we found that several mood disorders were associated with increased risk of zoster. The risk was increased even for those with more than 1 year since last health-care contact for mood disorder and among those classified as having mild disease.
Previous registry-based studies from Europe (7, 8) , the United States (9), and East Asia (10-12) have reported 11%-52% increases in relative risk of zoster among depressed persons. Although most studies thus report estimates similar to those found in our study, direct comparison with existing evidence is hampered by previous studies using broad definitions of depression (9-11), which included bipolar disorder, personality disorders, and psychotic disorder due to alcohol use. Furthermore, in one cohort study, investigators adjusted for antidepressant use within 6 months before the endpoint (12) . Finally, in two cohort studies, comparison cohorts were selected based on factors that might predict zoster (e.g., diagnosis of cancer (10) or absence of psychiatric diagnosis during follow-up (11)).
Four other studies used self-reported data on mood disorders (13) (14) (15) (16) . The hazard ratios of zoster were not increased among depressed persons in two cohort studies from the United States (0.93 (95% CI: 0.51, 1.71)) (13) and Australia (1.01 (95% CI: 0.95, 1.08)) (14) . However, the Australian study adjusted for self-rated health, which may inevitably have caused adjustment for depression itself (1, 13, 21) . Two smaller studies found associations between zoster and symptoms of depression (odds ratios = 2.00-4.15) (15, 16) but not anxiety (odds ratio = 1.07) (15) . Besides potential selection bias in these studies, symptoms of mood disorder were assessed up to 3 weeks after rash onset. This design may have led to recall bias and reverse causation (15, 16) , because zoster neuralgia may affect mental health (3, 32) . However, we cannot rule out that their self-reported measures better capture perceived stress than other studies.
The mechanisms underlying an association between mood disorders and zoster are unknown. Decreased VZV-CMI has been found in patients with major depression (5, 6) . Furthermore, the Depression Substudy of the Shingles Prevention Study showed that the boost of VZV-CMI following zoster vaccination was lower in the untreated depressed group compared with persons treated with antidepressants and nondepressed persons (6) . Although this immunosuppression in mood disorder may result from persistent activation of the hypothalamic-pituitary-adrenal axis and the sympathetic nervous system during chronic stress (4), death or acute illness of a partner, as a measure of extreme stress, was not associated with zoster in two studies (33, 34) . Because grief and mood disorders are distinct psychological states, we hypothesize that these contradictory findings are explained by a greater allostatic load in the latter (4) . Indeed, reductions in immune function following negative life events correlate with presence and severity of depressive symptoms (35, 36) . However, the increased odds ratios for former mood disorders could also support the explanation that behavioral or shared biological factors (e.g., a genetic susceptibility to both mood disorders and zoster) play a role.
With almost 70,000 exposed cases of zoster, our study is by far the largest on the topic. Furthermore, use of population-based prospective data reduces selection bias, and we adjusted for various zoster risk factors. A concern is that while Denmark has comprehensive hospital registries covering psychiatric and nonpsychiatric wards and specialized outpatient clinics, we had to use prescription data as a proxy for diagnoses from Danish primary care. Conversely, we had comprehensive general practice data from the United Kingdom, but hospital data were limited to admissions and available for only 60% of participants. Because of these methodological differences, we did not pool results in a meta-analysis. Nevertheless, estimates were remarkably similar, and complementary strengths and weaknesses of the data sets allowed us to explore different types of bias (e.g., potential confounding from lifestyle factors, which seemed negligible). Misclassification of zoster is a possible threat to the validity of both data sets. In a validation study in general practice, we found that 87% of patients with a first-time zoster-specific antiviral prescription had physician-diagnosed zoster as the indication for treatment (37) . The validity of zoster in the Danish National Patient Registry, CPRD, and HES is unknown, but previous data generally support a high positive predictive value (of ≥90%) of physician-diagnosed zoster (38) (39) (40) . It is unlikely that misdiagnosis depends on presence of mood disorder, but completeness may be higher in patients with mood disorder because of increased medical attendance. Such ascertainment bias could explain observed associations and may be more pronounced in Denmark, because the prescribing of antivirals is sensitive to timely health-care seeking. The possibility of bias in the other direction should also be consideredavoidance symptoms or loss of energy could preclude care seeking in some patients. Although that may explain the lack of an association among those with severe mood disorder, our post-hoc analyses including secondary (rather than exclusively primary) zoster hospital diagnoses suggested that we partly introduced this finding by excluding zoster diagnosed in psychiatric hospitals in relation to admission for a mood disorder.
Misclassification of exposure data is another limitation. In the Danish hospital registries, the positive predictive value for single depressive episodes is 75% compared with structured interview (41) . For severe stress and adjustment disorder, the positive predictive value varies between 58% for acute stress reaction and 94% for adjustment disorder when applying strict diagnostic criteria to information obtained from medical records (42) . Because misclassification occurs mainly between individual mood disorders, the validity of our overall definition is higher. Diagnoses in the United Kingdom stem mainly from general practice. Although validity of mood disorder diagnoses in CPRD is unknown, evidence suggests that nonpsychiatric physicians identify depression with 84% specificity. To increase completeness, we also included depressive symptoms recorded in the CPRD, which may have come at the expense of specificity. On the other hand, completeness is presumably lower in Denmark where we included only hospitalbased diagnoses. Regardless, we expect that misclassification of mood disorder in our studies is nondifferential and would therefore bias towards the null. For example, underestimation due to incompleteness (31, (41) (42) (43) is evident from the increase in odds ratios when we included antidepressants as a proxy for mood disorder in Denmark. The low odds ratios among men may result from lower completeness than among women, because men seek and receive treatment for mood disorders less frequently (44) . The lower odds ratios among the elderly may also be explained by underdiagnosis, because somatic presentation is more common in late-life depression (45) . Furthermore, it is possible that persons diagnosed with mood disorder at older ages have already experienced zoster for another reason or simply that stronger risk factors play a relatively greater role than mood disorders. Nonetheless, an absolute increase in rate associated with any mood disorder was observed at all ages.
Analyses according to timing and severity should be interpreted cautiously. Delay from true onset of mood disorder to diagnosis in our data may have occurred if patients seek care late. Furthermore, because severity was not recorded, we categorized patients based on a nonvalidated method using information on treatment patterns (e.g., hospitalizations). Because mild mood disorder treated with psychotherapy in primary care could not be identified in the Danish data, we had expected higher estimates in Denmark, but this may have been mitigated by bias towards the null because of incompleteness. Finally, we lacked data to examine for effect modification by successful psycho-or pharmacotherapy.
In summary, previous studies show that VZV-CMI is reduced in patients with major depression (5, 6) . Our study extended these immunological findings and understanding of their potential clinical consequences by showing that several mood disorders were associated with increased risk of zoster. Nevertheless, because the effect of perceived psychological stress on risk of zoster and vaccine efficacy remains controversial, further research on this topic is warranted.
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